Previous studies from this laboratory (1) have cited a time-dose-cytotoxic relationship and a high dialysance 1 as important theoretical criteria for the selection of dialyzable poisons. Small molecular size, high solubility, clinical correlation with blood level and a primary distribution in the fluid phase of the body would suggest ethanol and methanol as ideal dialyzable toxins. Because of the time lag between ingestion of methanol and production of its lethal metabolites such as formic acid, early dialysis would seem critical in cases of methanol poisoning. Since each metabolite of methanol is more toxic, removal of the parent compound offers a unique leverage and constitutes preventive medicine as well as specific therapy.
Previous studies from this laboratory (1) have cited a time-dose-cytotoxic relationship and a high dialysance 1 as important theoretical criteria for the selection of dialyzable poisons. Small molecular size, high solubility, clinical correlation with blood level and a primary distribution in the fluid phase of the body would suggest ethanol and methanol as ideal dialyzable toxins. Because of the time lag between ingestion of methanol and production of its lethal metabolites such as formic acid, early dialysis would seem critical in cases of methanol poisoning. Since each metabolite of methanol is more toxic, removal of the parent compound offers a unique leverage and constitutes preventive medicine as well as specific therapy. METHOD The dialysance of both alcohols was studied in vitro on the twin-coil artificial kidney 2 using an 18 L reservoir which contained ethanol or methanol dissolved in plasma or normal saline. Since no inhibition of dialysance could be detected by the addition of protein, most experiments were conducted in saline. The solutions were circulated against a 100 L bath of fluid containing an equiosmolar concentration of solutes excluding the alcohol, at various flow rates measured at the venous end of the system by volume determinations of a timed collection. Once the coil was reasonably distended, out-* This work was supported by a grant from the John A. Hartford Foundation.
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tAssociate Professor of Medicine; Director, Renal and Electrolyte Division. l D = a A-_V in which D = dialysance (milliliters per minute), a = flow rate (milliliters per minute), A = arterial concentration (e.g., milligrams per 100 ml), V = venous concentration (e.g., milligrams per 100 ml), B = bath concentration (e.g., milligrams per 100 ml). This relates "clearance" in the artificial kidney to the flow rate, the arteriovenous difference across the dialyzer, and the bloodbath concentration gradient. 2 (2) . This technique in our hands yielded recoveries ranging from 95.6 to 101 per cent. The same reaction applied to aqueous solutions of methanol showed a strict accordance to the Lambert-Beer's law and a comparable degree of accuracy in recovery experiments. Thus, our dealing with one alcohol at a time in the in vitro experiments prevented any cumulative reducing effect and permitted the use of the same method for the quantification of methanol. However, because of the possible occurrence of interfering substances in biological material, analyses of plasma methanol were done by a specific microdiffusion technique using potassium carbonate as a liberating agent and potassium permanganate and chromotropic acid as reagents (3) . Prior to analysis, all the plasma samples were found negative on testing for acetone and formaldehyde. Tables I and II. with flow rates increasing to a value in the vicinity Figure 3 shows the plasma alcohol concentrations of two dogs infused with 5 ml per kg of absolute ethanol. The spontaneous decline of the plasma ethanol levels in the control animal was from 605 to 282 mg per 100 ml over a period of 10.5 hours. Three hours of hemodialysis lowered the plasma concentration of the other animal from 519 to 178 mg per 100 ml. Comparable results were obtained from another set of animals given 6 ml per kg of absolute ethanol (Table III) .
Because of the slower metabolism of methyl alcohol, dogs poisoned with this compound were observed over a period of 48 hours. Figure 4 exemplifies the capability of the artificial kidney in removing methanol from an animal which had been given 5 ml per kg of the absolute compound. By the end of the third hour of the procedure, the dialyzed dog had its plasma concentration de creased from 615 to 180 mg per 100 ml. This contrasted with the control dog which still had a plasma level of 343 mg per 100 ml two days after the infusion. A similar contrast appears when comparing the data obtained from two other animals studied under identical conditions (Table   III) .
With two exceptions, each control was given the same amount of alcohol per unit of weight as its dialyzed partner (Table III) . The efficiency of hemodialyses is thus reflected from a comparison of their respective hourly fall of plasma alcohol expressed in percentage of the initial level shown on the graphs. Such calculations disclosed that in the actual conditions, the artificial procedure was 4.2, 4.3 and 3.8 times faster than the physiological removal of ethanol by the control animals. In the cases of methanol poisoning the comparative efficiencies were 22 and 16 times that of the controls. Identical results from different sets of experiments can hardly be expected, considering the individual variations of the rate of metabolism of alcohol (8) as well as the individuality in coil performance (9) . Further increase in the amount dialyzed would have been achieved with a higher flow rate or by changing the bath solution at the middle of each run (4).
The amount of ethanol recovered in the bath at the end of each in vivo dialysis was 29 and 33 per cent of the administered doses. Values of 25 and 27 per cent were found for methanol. This, however, represents strictly minimum recoveries, since no correction could be induced for the substantial loss of alcohol evaporated from the surface of the baths heated to 390 C.
Under clinical observations, all the ethanol control animals remained unconscious and unresponsive during the ten hours of study, in contrast to the dialyzed dogs which awoke by the second hour of the procedure.
Methanol-poisoned controls Exhibited inability to stand on their feet for 24 hours and had a very ataxic gait for some 36 hours following the infusion. They all developed blindness with severe papillitis and retinal edema which subsided a few days later. Slight hyperemia of the optic disc was observed in one of the dialyzed animals, but blindness was never apparent in the dialyzed animals and both of them were alert at the end of the procedure.
DISCUSSION
More than 1,000 deaths are reported each year in the United States from acute alcohol poisoning (10) . Massachusetts alone reported 4,505 deaths from ethyl alcohol and 118 from other alcohols in the period from 1928 through 1937. In a series reported from the Boston City Hospital (11), 59 per cent of all patients admitted in coma were suffering from severe alcoholic intoxication. The relationship of alcohol blood levels to clinical symptoms is succinctly outlined by Victor and Adams (12) , who also give a good account of the history of alcohol poisoning. The metabolism and toxicity of methanol have been reviewed by Rye (13) .
Methanol poisoning usually occurs in group outbreaks in young individuals (14) (15) (16) (17) , but methanol may even be poisonous by inhalation (18, 19) . In addition to the danger of death, severe ocular damage represents a tragic form of late morbidity (20, 21) .
Treatment of these poisonings has to date been symptomatic and supportive. Delineation of the criteria for dialyzability of circulating poisons (1) led us to postulate that ethanol and methanol would represent practical substances for dialytic removal. The present study represents experimental verification of these considerations. In vitro experiments show clearly the rapid removal rate of both alcohols. In vivo experiments confirm the high dialysance from biological solutions and demonstrate the ability to prevent or reverse coma.
Preliminary studies with C14-labeled ethanol permitted simultaneous measurement of both alcohols and do not suggest any depressing effect of one upon the dialysance of the other. It would thus be rational and safe to use ethanol to block the metabolism of methanol in a poisoned patient. Since the metabolites of methanol are said to be 6 and 30 times as toxic as the parent compound (17) , early dialysis provides a unique opportunity for preventive medicine. No direct measurements of formic acid or formaldehyde were made, but they too should be theoretically dialyzable. SUMMARY The dialysances of ethyl and methyl alcohol have been measured in vitro.
Data from experiments on dogs poisoned with ethanol or methanol have been presented. These provide a rational basis for the use of this technique in massive ethanol or methanol intoxications which are major clinical causes of personal and epidemic poisonings.
Emphasis is placed on the importance of early action with the artificial kidney in the treatment of acute poisoning.
